We have demonstrated that efficient green electrophosphorescence is obtained via cascade energy transfer from poly͑N-vinylcarbazole͒ ͑PVK͒ and host fluorescent polymer to the phosphorescent iridium complex. Efficient energy transfers from PVK to fluorescent polymer and then from this host polymer to iridium complex, fac-tris͓2-͑2-pyridinyl-kN͓͒5-͑2,5-dimethylphenyl͒-phenyl͔-kC͔-iridium͑III͒ ͓Ir͑PDPP͒ 3 ͔, were observed in the PVK/fluorescent polymer/ Ir͑PDPP͒ 3 blend system, even though the chemical compatibility between this fluorescent polymer and Ir͑PDPP͒ 3 is very poor. The phase separation between the host polymer and Ir͑PDPP͒ 3 was restrained and highly efficient energy transfer also occurred by blending with PVK which has the good chemical compatibility with both host and guest materials. Recently, there have been a number of studies reported on organic light-emitting devices ͑OLED͒ using phosphorescent materials as emitters. The reason is that heavy-metal complexes, such as fac-tris͑2-phenylpyridine͒ iridium͑III͒ ͓Ir͑ppy͒ 3 ͔, enable the otherwise spin-forbidden triplet to ground-state transition ͑phosphorescence͒ due to the heavy atom inducing spin-orbit coupling effect.
We have demonstrated that efficient green electrophosphorescence is obtained via cascade energy transfer from poly͑N-vinylcarbazole͒ ͑PVK͒ and host fluorescent polymer to the phosphorescent iridium complex. Efficient energy transfers from PVK to fluorescent polymer and then from this host polymer to iridium complex, fac-tris͓2-͑2-pyridinyl-kN͓͒5-͑2,5-dimethylphenyl͒-phenyl͔-kC͔-iridium͑III͒ ͓Ir͑PDPP͒ 3 ͔, were observed in the PVK/fluorescent polymer/ Ir͑PDPP͒ 3 blend system, even though the chemical compatibility between this fluorescent polymer and Ir͑PDPP͒ 3 is very poor. The phase separation between the host polymer and Ir͑PDPP͒ 3 was restrained and highly efficient energy transfer also occurred by blending with PVK which has the good chemical compatibility with both host and guest materials. The resulting device ͑indium tin oxide/PEDOT/blend layer/BCP/Li:Al alloy͒ reaches a maximum external quantum efficiency of Recently, there have been a number of studies reported on organic light-emitting devices ͑OLED͒ using phosphorescent materials as emitters. The reason is that heavy-metal complexes, such as fac-tris͑2-phenylpyridine͒ iridium͑III͒ ͓Ir͑ppy͒ 3 ͔, enable the otherwise spin-forbidden triplet to ground-state transition ͑phosphorescence͒ due to the heavy atom inducing spin-orbit coupling effect. [1] [2] [3] [4] While only a singlet exciton emits through radiative decay in fluorescence, phosphorescence makes use of both singlet and triplet excited states. Thus, the internal quantum efficiency of the phosphorescent OLEDs can, in principle, be increased up to 100%. 5, 6 Until now, the investigations of various phosphorescent dyes in polymer-based LEDs have been performed, since it can be easily fabricated and achieve the efficient electrophosphorescence at the low concentration of phosphorescent dye. In these studies, a hole-transporting polymer, PVK, was used as the host, and a phosphorescent material was molecularly doped into it. [7] [8] [9] PVK has the chemical compatibility with phosphorescent dyes and its photoluminescent spectrum is coincident with the absorption band of phosphorescent materials, 10 but this PVK/phosphorescence system had low brightness and quantum efficiency 11 because luminescent efficiency of PVK as energy host material is very low. The researches on the blend of PVK and charge transporting materials with phosphorescent dye have also been reported. 12, 13 In the case of the EL devices of the iridium complex doped into a blend of PVK with 2-tert-butylphenyl-5-biphenyl-1,3,4-oxadiazol ͑PBD͒ for high efficiency, carrier recombination was improved due to the balanced carrier injection, but the driving voltage of the devices was still very high because charge trapping of the Iridium complex is the dominant mechanism in these LEDs. 12, 14 In this letter to solve these problems, we used the highly efficient blue-emitting polymer, polyfluorene-type blue LEP ͑Lumation BlueJ Light-Emitting Polymers, Trademark of Dow Chemical Company, BlueJ͒, which has better luminescent efficiency than PVK as energy donor. This BlueJ is the polymer which has very high luminance efficiency 15 with the brightness over 20 000 cd/ m 2 when composed of ITO/ PEDOT/BlueJ/Li:Al device. When this efficient blueemitting polymer ͑BlueJ͒ is used as an energy host, it is possible to reduce the turn-on and operating voltage of the electrophosphorescent device resulting from decreased charge trapping, improving the luminous efficiency by Förster transfer.
However, the chemical compatibility and miscibility between BlueJ and iridium complex are very poor, resulting in the absence of energy transfer, so that we induced the energy transfer by blending these materials with PVK to improve the miscibility. PVK is also highly compatible with BlueJ and mostly contributes to improve the miscibility between BlueJ polymer and Ir͑PDPP͒ 3 . PVK and BlueJ were blended at various ratios, and these blends were used as the host materials because emission spectra of both polymers have good spectral overlap with the metal-ligand-charge-transfer ͑MLCT͒ absorption spectrum of Ir͑PDPP͒ 3 so that efficient Forster energy transfers are expected. PVK plays very important roles in inhibiting the blend of the three materials from phase separation as well as hole transporting material, and BlueJ polymer transfers the energy which is absorbed from PVK and its own energy to Ir͑PDPP͒ 3 .
The PVK was purchased from Sigma-Aldrich Co. and refined in our laboratory. Other materials were used as received. PVK, BlueJ, and Ir͑PDPP͒ 3 were dissolved in chlorobenzene in various ratios, fixing the ratio of 8 wt %. Electroluminescence ͑EL͒ devices were fabricated on indium tin oxide ͑ITO͒-coated glass substrates that were cleaned and treated with oxygen plasma before use. A layer of PSS:PEDOT with a thickness of 20 nm was first spin coated on the treated substrate, and annealed at 120°C for 1 h in a vacuum. Then, blends of PVK, BlueJ, and Ir͑PDPP͒ 3 in a chlorobenzene solution ͑10 mg/ mL͒ were spin coated on top of the substrate precoated with PSS:PEDOT layer. For the ITO/PEDOT/PVK:BlueJ:Ir͑PDPP͒ 3 blend/BCP/Li:Al device, a 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline ͑BCP͒ layer ͑20 nm͒ as a hole blocking layer was thermally evaporated onto the blend layer at below 1 ϫ 10 −6 Torr before electrode deposition, and then, a cathode layer of 150-nm-thick Li:Al alloy was vacuum deposited at a pressure of 1 ϫ 10 −6 Torr. Figure 1 shows the absorption and photoluminescent ͑PL͒ spectra of BlueJ polymer and Ir͑PDPP͒ 3 , and the PL spectrum of neat PVK film. The emission spectrum of PVK peaking at max = 400 nm shows the large spectral overlap with the absorption band of BlueJ ͑ max = 390͒, and the emission spectrum of BlueJ overlaps the metal-ligand charge transfer ͑MLCT͒ absorption band of Ir͑PDPP͒ 3 . The peak around 325 nm is the absorption of the ligand center, while the peaks at 390 and 420 nm are the absorption of the transition from the ground state to the singlet MLCT and triplet MLCT excited states.
14 Therefore, efficient cascade Förster energy transfer from PVK and BlueJ polymer to Ir͑PDPP͒ 3 is expected. Figure 2 shows the normalized PL spectra of the blended films of three materials in the various ratios, fixing the ratio of Ir͑PDPP͒ 3 as 8 wt % as excitation at the wavelength of 345 nm, where the absorption of host PVK is dominant. The blend of BlueJ and Ir͑PDPP͒ 3 without PVK shows no energy transfer from BlueJ to Ir͑PDPP͒ 3 due to the low chemical compatibility and phase separation. There is only emission of BlueJ polymer, but when blended with PVK, the blend films begin to show the partial energy transfer. The more the PVK content of the blend film increases, the more conspicuous the energy transfer from BlueJ to Ir͑PDPP͒ 3 becomes. When the PVK content of the blend film reaches 72 wt % ͑PVK 72:BlueJ 20: Ir͑PDPP͒ 3 8͒, the domain size of the polymers is minimized and perfect energy transfer from BlueJ occurs.
The morphology of the blended films of three materials with various ratios is illustrated in Fig. 3 . This AFM images 10, 16 For this reason, high luminescent intensity was obtained at the relatively high current density.
For the reasons mentioned above, we propose a new fluorescent polymer which can replace PVK as an energy host material in electrophosphorescent devices. The luminescent properties of BlueJ polymer are great compared with PVK, and its energy, which can be absorbed into the phosphorescent dye, is also enormous. Ir͑PDPP͒ 3 forms a homogeneous morphology with PVK, but it is immiscible with BlueJ polymer. Therefore, when we blend the BlueJ polymer, which has high chemical compatibility with the PVK, with the PVK: Ir͑PDPP͒ 3 blend, the three materials blend very well at the molecular level in the optimal blend ratio ͑72:20:8͒, which results in efficient energy transfer to phosphorescence. PVK plays the important roles of improving the chemical compatibility between BlueJ and Ir͑PDPP͒ 3 , transferring its own energy to BlueJ polymer, and acting as a hole transporting material in this system.
In conclusion, we demonstrated a highly efficient greenemitting phosphorescent device using the iridium complex with BlueJ polymer as a new efficient host material. PVK was used to improve the chemical compatibility of BlueJ with Ir͑PDPP͒ 3 . The phase separation of the blend of the three materials was greatly restrained due to the addition of PVK, and efficient energy transfer from the BlueJ polymer to Ir͑PDPP͒ 3 occurred through the nanophase separated morphology. These improvements resulted in a luminous efficiency of up to 32 cd/ A, decreasing the driving voltage of the electrophosphorescent device. 
